Abstract. Ninety hazelnut (Corylus sp.) genotypes were surveyed for response to the eastern filbert blight pathogen [Anisogramma anomala (Peck) E. Müller] following greenhouse inoculation using a combination of enzyme-linked immunosorbent assay (ELISA) and visual inspection for cankers. Most were cultivars of the European hazelnut (Corylus avellana L.) and a few were interspecific hybrids.
Oregon's Willamette Valley is the top producer of European hazelnuts in the United
States, accounting for 99% of the U.S. crop and 3% to 5% of the world crop (Mehlenbacher and Olsen, 1997) . Eastern filbert blight (EFB), caused by the pyrenomycete Anisogramma anomala (Peck) E. Müller, is a serious and widespread disease in the Willamette Valley. This disease can destroy the productivity of a moderately susceptible cultivar in 8 to 12 years , so its control is an important industry goal. Because of the expense of fungicides and detrimental effects on yield caused by severe pruning of cankers, genetic resistance is an especially appealing approach to fighting this disease (Mehlenbacher, 1995) .
'Gasaway' source of resistance (Pinkerton et al., 1998) . Cultivars differ in level of susceptibility (Pinkerton et al., 1993) , but the complete resistance desired by the industry would eliminate the cost of chemical control. Thus, new sources of genes conferring complete resistance would be highly beneficial. The purpose of this study was to survey germplasm from the collections of the OSU breeding program and the U.S. Dept. of Agriculture, Agricultural Research Service (USDA, ARS) National Clonal Germplasm Repository (NCGR), Corvallis, Ore., for response to inoculation by the EFB pathogen.
Materials and Methods
Plant materials. Three scions of each of 90 hazelnut selections from the NCGR and the collection of the OSU hazelnut breeding program (Table 1) were gathered in Dec. 1996, stored at 0 °C, and grafted onto C. avellana rootstocks in Spring 1997. 'Gasaway' was included as a resistant control and 'Ennis' and 'Daviana' as susceptible controls. Grafted trees were placed in 3.7-or 5-L pots in a mix containing equal volumes of peat, pumice, and fine bark dust. In addition, 9 g of Sierra 3-4 month release fertilizer (17N-2.6P-10K with micronutrients) was added to each pot. Supplemental fertilizer (Peters' 20N-8.7P-16.6K) was applied as needed. Plants were grown in a glasshouse under 24 °C day/18 °C night until they were ready for inoculation. For genotypes scored as resistant in the first year's inoculations, scions were recollected, grafted, inoculated, and retested in 1998. Genotypes whose grafts failed the first year were also regrafted, inoculated, and assayed in the second year.
Inoculations. Inoculations were started ≈3 to 5 weeks after grafting, once shoots had four to five nodes (Coyne et al., 1996) . All actively growing branches (usually two or three) of the grafted trees were marked with tape three or four nodes from the apical meristem to indicate the point of inoculation. Shoots were inoculated with a suspension of 1 × 10 6 spores/ mL in distilled water (Johnson et al., 1994) . Chamber frames were constructed of polyvinyl chloride tubing (1.27-cm diameter), placed on top of a bench (1.22 × 3.44 m) and covered with white 4-mil (0.1-mm) polyethylene sheeting. About 75 trees were placed in each of two inoculation chambers. A humidifier was placed in each chamber, the chamber was closed, and the plastic was fastened with clothespins. The humidifiers were programmed to run from noon to 6 PM and from midnight to 4 AM. The chambers were opened 5 d after inoculation, left open for 2 d, and then inoculations were repeated. Each tree received a total of three inoculations. They remained in the glasshouse with optimal watering for 6 months prior to assaying for infection.
Infection assays. A combination of three assays was used to detect the presence of A. anomala in inoculated shoots. An enzymelinked immunosorbent assay (ELISA) was performed on inoculated shoots of two grafted trees of each genotype as described by Coyne Developing cultivars for the kernel market that are completely resistant to EFB is an important goal of the Oregon State Univ. (OSU) breeding program (Mehlenbacher, 1995) . For this market, hazelnuts must meet strict standards for size, shape, shell thickness, ease of pellicle removal, and flavor (Mehlenbacher, 1994) . Most of the resistant material in the OSU hazelnut breeding program carries the single, dominant, resistance gene found in the obsolete pollinizer 'Gasaway' . 'Gasaway' has deficiencies in nearly all of these characteristics. Resistant genotypes with good nut quality would be beneficial to the breeding program.
Marker-assisted selection is one tool that breeders can use for early selection; random amplified polymorphic DNA (RAPD) markers are one of the least expensive, rely on the polymerase chain reaction (PCR), and are well suited to the high throughput of breeding programs (Welsh and McClelland, 1990; Williams et al., 1990 ). Short primers (usually 10 bp) bind to short, inverted repeats that amplify random sequences. These amplified DNA fragments are subjected to electrophoresis and later visualized by ethidium bromide staining. Davis and Mehlenbacher (1997) used bulked segregant analysis (Michelmore et al., 1991) to identify five RAPD markers linked to the 'Gasaway' resistance gene. One of these markers (UBC 152 800 ) is robust to amplification conditions, easy to score, and routinely used to select resistant seedlings in segregating populations (Mehlenbacher and Lunde, unpublished) . (Note that primer names are followed by subscripts denoting the size of the polymorphic band that is amplified.)
Concern exists about the durability of the et al. (1996) , except that Nunc Maxisorp 96-well MicroWell Microplates (Fisher Scientific, Pittsburgh) were used instead of Corning microtiter plates. The third grafted tree of each genotype was inoculated as above and transported to the Southwest Washington Experiment Station, Vancouver, Wash.; planted in a nursery row in Feb. 1997; and evaluated for canker incidence in June 1998. Trees that became infected in either of the two assays were scored as susceptible. Genotypes scored as resistant in the first year were retested the second year, using the same inoculation procedures and infection assays, except that tissue was sectioned and examined microscopically for the presence of hyphae in samples that gave inconclusive results with ELISA. Hyphae were stained with 0.05% trypan blue in lactophenol and observed with a light microscope (Stone et al., 1992) . DNA extraction and RAPD screening. In the spring, DNA was extracted from the very young apical meristem and the first leaf of field-planted trees. When samples were needed later in the season, DNA was extracted from catkins, as Cheng et al. (1997) had successfully extracted DNA from this tissue. The sampled tissues were ground in the laboratory within an hour of field collection. The DNA extraction protocol was based on that of Davis et al. (1998) . A leaf juice press (MEKU, Wennigsen, Germany) was used to grind leaf samples with an extraction buffer consisting of 0.35 M sucrose, 100 mM Tris, 50 mM potassium chloride, 25 mM EDTA, and 5% PVP (mol. wt. 40,000) dripping onto the grinding bits. About 500 µL of the macerate was collected in a 1.7-mL centrifuge tube on ice, and the grinding bits were thoroughly rinsed between samples. Each sample was then centrifuged for 5 min at 17,900 g n . The supernatant was discarded and the pellet was resuspended in 640 µL lysing buffer [78.3 mM EDTA pH: 8.0, 39.16 mM Tris-HCl at pH 8.0, 2.12% nlauroylsarcosine, 2.65% Triton X-100®, and 10.7 µg·µL -1 Proteinase-K (Fisher Scientific), which was added just before use]. Samples were incubated for 1 h at 37 °C in a shaker at ≈160 rpm. After centrifugation at 17,900 g n for 5 min, 500 µL of supernatant was transferred to a new tube. An equal volume of cold isopropanol was added, mixed, then tubes were stored in the freezer at -20 °C for at least 30 min. Tubes were centrifuged at 17,900 g n for 5 min, the supernatant was discarded, and the remaining liquid was aspirated. The pellet was resuspended in 220 µL of 1× TE buffer (10 mM Tris, 1 mM EDTA, pH 8.0) overnight at 4 °C. Samples were extracted with 25 phenol : 24 chloroform : 1 isoamyl alcohol by vortexing 10 s and then centrifuging for 10 min. A 150-µL aliquot of the aqueous phase was transferred to a new tube and precipitated with two volumes of 95% EtOH : 3 M sodium acetate, pH 5.5 (20:1) at -20 °C for at least 30 min. The tubes were centrifuged, the supernatant was poured off, and the pellet was washed with 70% EtOH. The tubes were centrifuged for 5 min, and the supernatant was discarded. The pellet was air-dried overnight and resuspended in 500 µL 1× TE buffer.
BREEDING, CULTIVARS, ROOTSTOCKS, & GERMPLASM RESOURCES
PCR assays. The PCR reactions were performed in a volume of 15 µL containing 10 mM Tris-HCl (pH 9.0), 50 mM KCl, 0.15% Triton X-100, 1.5 mM MgCl 2 , 120 µM each of dATP, dCTP, dGTP, and dTTP, 0.1 µM of primer, 3-25 ng of DNA template, and 0.75 units of Taq polymerase (Promega, Madison, Wis.) (Davis and Mehlenbacher, 1997) . Ninety-six reactions were run simultaneously using a Geneamp® PCR System 9700 thermal cycler (Perkin-Elmer Corp., Foster City, Calif.). Genotypes that had been scored as resistant, including 'Gasaway', as well as a control containing no DNA, were tested. The thermal cycler program consisted of denaturation for 1 min at 94 °C, followed by 5 cycles of: 1 min at 94 °C, 90 s at 37 °C, 30 s at 54 °C and 2 min at 72 °C. This was followed
and then samples were held at 4 °C until they were retrieved. The DNA from each tree was amplified using primer UBC 152 (Univ. of British Columbia, Vancouver). Amplification products were separated by electrophoresis on 1.5% agarose gels, and stained with ethidium bromide. They were visualized with a transilluminator and photographed.
Results and Discussion
Of the 90 cultivars (Table 1) , six, varying widely in agronomic quality, resisted infection by Anisogramma anomala. Desired traits for the kernel market are: medium size, round
